Wilms tumor (WT) is the most common form of childhood kidney cancer. It accounts for 6% of all pediatric cancers, represents more than 95% of all kidney tumors in children and commonly seen in children younger than 5 years.[@ref1],[@ref2] Over the past few decades, considerable progress has been made in the treatment of WT, and it is one of the great success stories in oncology. Currently, the 5-year overall survival (OS) exceeds 90%.[@ref3],[@ref4] This outstanding outcome was achieved through the multicenter collaboration of several groups such as the International Society of Pediatric Oncology (SIOP) and the Children's Oncology Group (COG). Many clinical variables including: tumor histopathology, tumor stage, molecular and genetic markers, and age at presentation have been investigated in the past as prognostic indicators of outcome in patients with WT.[@ref5] Currently, the COG risk-grouping stratifies WT patients to different treatment intensities based on age, tumor weight, histology, stage, tumor cytogenetics (loss of heterozygosity of chromosomes 1p and 16q), and the rapidity of response of metastatic lung nodules to chemotherapy.[@ref6] In contrast, the SIOP risk-stratification is based on stage, histology, tumor volume, and the response of the tumor to preoperative chemotherapy.[@ref6] Despite the fact that hypertension is reported in up to 55% of children with WT at diagnosis, its prognostic significance on survival outcome has never been studied.[@ref7]-[@ref9] Thus, we hypothesized that WT patients with hypertension at diagnosis would have poor survival outcomes compared to normotensive patients.

Methods {#sec1-2}
=======

This is a retrospective single-center study that included all consecutive pediatric patients aged 14 years or younger with histologically confirmed WT, newly diagnosed between January 2000 and August 2013, at the Princess Noorah Oncology Center, King Abdulaziz Medical City, Jeddah, Saudi Arabia. Data on demographics, blood pressure at diagnosis, histopathology, stage (I, II, III, IV or V), chemotherapy, radiotherapy, complications, and treatment outcomes were collected. Only patients with a documented diagnosis of "hypertension that required treatment with antihypertensive therapy" were included in the hypertensive group. Patients with incomplete data and/or without any documentation to indicate normal blood pressure and/or treated in institutions other than the Princess Noorah Oncology Center were excluded. The Institutional Research and Ethics Review Committee of the King Abdullah International Medical Research Center (KAIMRC) approved the study and was conducted in accordance with the Declaration of Helsinki.

Definitions and statistical analysis {#sec2-1}
------------------------------------

Descriptive statistics was used to summarize patient demographics and clinical information. Chi-square or Fisher's exact test was used as appropriate to compare categorical variables. Hypertension in our center followed the published standard definition of a systolic and/or diastolic blood pressure ≥95th percentile for age, gender, and height.[@ref10],[@ref11] Based on the documented blood pressure at diagnosis, patients were classified into normotensive and hypertensive groups. Patients with documentation indicating normal blood pressure were classified as normotensive and patients with a documented diagnosis of hypertension that required antihypertensive therapy on presentation were classified as hypertensive.

Overall survival (OS) was defined as the time elapsed from diagnosis of WT to time of death from any cause or last follow-up. Progression free survival (PFS) was defined as the time from diagnosis to date of first event: relapse, progressive disease, or death. Patients without events were censored at the last date of follow-up. The Kaplan-Meier method was used to estimate OS and PFS probabilities. The log-rank test was used for group comparisons. Univariate and multivariate Cox proportional hazard models were used to determine potential predictors of survival. Predictive factors significant at *p*\<0.10 in the univariate analysis were entered simultaneously into a multivariate analysis. All other tests were considered statistically significant if *p*\<0.05. Statistical computations were performed using the Statistical Package for Social Sciences Software Package (SPSS Inc, Chicago, IL, USA)) for Windows.

Results {#sec1-3}
=======

A total of 85 patients were reviewed. Of this, 14 were excluded due to undocumented blood pressure and 71 qualified for the final analysis. Patients were then classified at diagnosis into hypertensive (n=25) and normotensive (n=46) groups. The demographic features of these patients are reported in **[Table 1](#T1){ref-type="table"}**. The clinical stage distribution was similar in the 2 groups (*p*=0.631). In addition, no significant difference was observed between patient groups in terms of histopathological risk (*p*=0.894). Complete remission was achieved more frequently in the hypertension group compared with the normotensive group. The difference was statistically significant (*p*=0.032). Relapse rates were similar between patient groups (*p*=0.146) (**[Table 1](#T1){ref-type="table"}**).

###### 

Demographics at diagnosis and treatment outcomes (hypertensive versus normotensive patients).
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Eleven (15.5%) patients died, 7 in the hypertensive and 5 in the normotensive group representing a significant statistical difference between the 2 groups, (*p*=0.043). Death as first event occurred in 5 (7%) patients. It should be noted that 5 out of 25 (20%) of hypertensive patients experienced death as a first event compared to none in the normotensive group and the difference was statistically significant, (*p*=0.004). The median time to death as first event was 6.4 months (range 4 days to 7.1 months) with a median age at diagnosis of 12 months (range 7 to 36 months). Tumor stage distribution for patients who had death as a first event was 2 in stage V, 2 in stage IV, and one in stage III. Except for one patient, who died of tumor rupture at day 4 of presentation, the remaining patients died of progressive disease following at least 8 weeks of preoperative chemotherapy. A detailed description of these patients including: age, gender, histology, time to death as first event, and the causes of death is summarized in **[Table 2](#T2){ref-type="table"}**.

###### 

Causes of death as first event.
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Influence of hypertension on survival {#sec2-2}
-------------------------------------

For the 71 patients, the 5-year OS was 82.3±4.9%. The OS rates were inversely proportional to tumor stage with 5-year OS rates of 84.6±5.4% for localized versus 76.0±10.5% for metastatic stage IV disease (*p*=0.462). Furthermore, the 5-year OS rates by local stage were 94.4±5.4% for local stage I, 94.1±5.7% for local stage II, and 68.7±8.8% for local stage III disease (*p*=0.046). In contrast, the 5-year OS in the hypertensive group was 67.1±10.3% and in the normotensive group was 89.6±4.9% (**[Figure 1A](#F1){ref-type="fig"}**). The log-rank test showed statistically significant differences between the rates, (*p*=0.009). A similar difference was also noted in PFS between the 2 patient groups as shown in **[Figure 1B](#F1){ref-type="fig"}**. Hypertensive patients had significantly lower PFS compared with normotensive patients (*p*=0.007) (**[Figure 1B](#F1){ref-type="fig"}**). In addition, hypertensive patients with local stage I/II disease had significantly lower 5-year OS rates of 81.6±11.6% compared with 100% for normotensive patients (*p*=0.032; **[Figure 2](#F2){ref-type="fig"}**). Similarly, a significantly lower 5-year OS rate was observed among hypertensive patients with local stage III disease compared with normotensive patients (*p*=0.035; **[Figure 2](#F2){ref-type="fig"}**).
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Determinants of survival {#sec2-3}
------------------------

Univariate and multivariate analyses were conducted to assess the prognostic significance of hypertension at diagnosis on outcome. In a univariate analysis; age, gender, metastatic disease, local stage, histopathology, and hypertension at diagnosis were considered. Hypertension and local stage were found to be significant predictors for OS (**[Table 3](#T3){ref-type="table"}**). Other factors did not show statistically significant differences. However, histopathology was forced into the multivariate models due to clinical importance. Therefore, using multivariate analysis hypertension, local stage, and unfavorable histopathology were identified as independent predictors of OS (**[Table 3](#T3){ref-type="table"}**).

###### 

Prognostic factors for overall survival (OS).
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The potential predictors for PFS were also assessed using univariate and multivariate models in a similar manner as for the OS. At a univariate level, hypertension, and local stage were significant predictors of PFS; however, at multivariate analysis, hypertension and local stage were detected as predictors of PFS (**[Table 4](#T4){ref-type="table"}**).

###### 

Prognostic factors for progression free survival (PFS).
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Discussion {#sec1-4}
==========

Twenty to 55% of children with WT reportedly present with hypertension at diagnosis.[@ref7]-[@ref9] Despite this knowledge, tumor histopathology, stage, molecular and genetic markers, tumor weight/volume, rapidity of response to chemotherapy, and age at diagnosis are the most widely studied prognostic factors of outcome in WT patients.[@ref5],[@ref6] The present study evaluates the prognostic significance of hypertension at presentation on survival outcomes of children with WT. Our findings demonstrate that hypertension at diagnosis is a predictor of poor outcome in patients with WT. In this study, 35.2% of patients were hypertensive at diagnosis, which is consistent with rates reported in children with WT in other studies.[@ref7]-[@ref9] Furthermore, no statistically significant differences were observed between the 2 patient groups in relation to age, tumor stage, or histopathology. Despite these similarities, patients with hypertension at diagnosis had inferior OS and PFS compared with normotensive patients.

To further illustrate the causes for poor outcomes in hypertensive patients, we examined events of treatment failure such as tumor relapse, progression, and death between the study groups. Relapse rates were similar in both patient groups. However, hypertensive patients had significantly higher incidence of tumor progression and death as first event. In fact, 20% of our patients diagnosed with hypertension experienced death as first event compared with none in the normotensive group. Thus, the significantly worse OS and PFS among hypertensive patients were closely associated with death as first event. In the hypertensive group, tumor progression was the main cause of death as the first event. Therefore, the inferior OS and PFS may be explained by the higher rate of tumor progression leading to high incidence of death as the first event.

Hypertension at diagnosis is a known complication of childhood cancer and is mainly observed in the context of Wilms tumor, neuroblastoma, brain tumors, and pheochromocytoma.[@ref7] The cause of hypertension in children with cancer can be multifactorial and due to renin secretion by the tumor, mechanical mass effect causing renal vascular compression or thrombosis, hormonal secretion of glucocorticoids or catecholamines, cancer-related pain, secondary to treatment with steroid chemotherapy, or a result of increased intracranial pressure.[@ref7]-[@ref9] In WT patients, hypertension results from increased renin production secondary to intra-renal vascular compression. Alternatively, renin may be produced by the tumor cells.[@ref12],[@ref13] Increased plasma renin concentration has been reported in approximately 80% of hypertensive WT children at diagnosis and relapse was observed in 3 out of 4 patients with increased plasma prorenin/renin concentrations.[@ref8],[@ref14] Renin production is controlled by the renin-angiotensin system (RAS), which plays a decisive role in maintaining blood pressure homeostasis. Renin-angiotensin system activation promotes cell proliferation, angiogenesis, and tumor progression.[@ref15]-[@ref17] Therefore, we hypothesize that the observed inferior outcomes might be the result of progressive/refractory disease in relation to the effects of RAS activation. However, our study is limited by the fact that renin levels were not assessed; and further studies are required to test this hypothesis. If RAS activation can be established as pathogenic in WT, then inhibiting the RAS could induce apoptosis and hinder tumor growth.[@ref18]-[@ref20] Indeed, blocking RAS activity using angiotensin I and II inhibitors in combination with chemotherapy has been shown to improve survival in adult patients with bladder, gastric, and pancreatic cancers.[@ref16],[@ref21],[@ref22] However, currently, no studies have investigated the effect of RAS inhibitors on the treatment outcomes in WT. The use of RAS inhibitors to treat hypertension in WT may present a reasonable therapeutic option to control hypertension and may potentially have the added benefit of improving the overall response to therapy.[@ref8] Based on the results of the present study, we believe that improving survival outcomes among hypertensive WT patients is needed. Therefore, we postulate that adding RAS inhibition to conventional chemotherapy regimens may have a synergistic effect in improving the outcomes of hypertensive WT children. We believe that this hypothesis merits further study.

Study limitation {#sec2-4}
----------------

The present study has several limitations that should be acknowledged. First, this study is retrospective, with a relatively small patient population in each group. Second, data regarding the duration of hypertension were not available to assess its impact on outcome. Third, renin levels were not assessed. Thus, our findings should be interpreted in light of these limitations. Despite these limitations, our study shows for the first time that hypertension at presentation is a significant predictor of poor survival in WT patients.

In conclusion, our findings call attention to the importance of recognizing hypertension at diagnosis in WT patients and highlight the need to consider this factor in prognostic risk stratification. This area merits further studies to better define the impact of hypertension at diagnosis on the treatment outcome of children with WT.
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